The development and evaluation of an automatic ratio-delay device by Tolbert, Joseph Augustus
THE DEVELOPMENT AND EVALUATION 
OF AN AUTOMATIC RATIO-DELAY DEVICE 
A THESIS 
P r e s e n t e d t o 
The F a c u l t y o f t h e G r a d u a t e D i v i s i o n 
tor 
J o s e p h A u g u s t u s T o l b e r t , J r . 
I n P a r t i a l F u l f i l l m e n t 
of t h e R e q u i r e m e n t s f o r t h e Degree o f 
M a s t e r of S c i e n c e i n I n d u s t r i a l E n g i n e e r i n g 
G e o r g i a I n s t i t u t e o f Technology-
J u n e , 1953 
Original Page Numbering Retained. 
THE DEVELOPMENT AND EVALUATION 
OF AN AUTOMATIC RATIO-DELAY DEVICE 
Approved : 
- / I 
Da te a p p r o v e d b y C h a i r m a n : fyl rVy ^ 3 
ACKNOWLEDGMENTS 
I -wish t o t h a n k D r . R o b e r t N. L e h r e r f o r h i s s u g g e s t i o n of t h i s 
p r o b l e m , and f o r h i s v a l u a b l e h e l p and g u i d a n c e i n t h e p r o s e c u t i o n 
t h e r e o f . 
I i r i s h t o t h a n k Mr. J o h n E . P i p p i n f o r h i s d e s i g n a n d c o n s t r u c t i o n 
o f t h e t i m e d e l a y c i r c u i t i fo ich was a n e c e s s a r y p a r t o f t h i s t h e s i s . 
F i n a l l y , I w i s h t o t h a n k Mr. George Malone and t h e management o f 
E x p o s i t i o n C o t t o n M i l l s Company f o r t h e i r c o - o p e r a t i o n and a i d i n t h e 
e x p e r i m e n t a l t e s t s f o r t h e r a t i o - d e l a y d e v i c e . 
i i i 
TABLE OF CONTENTS 
Page 
ACKNOWLEDGMENTS i i 
LIST OF TABLES v 
LIST OF ILLUSTRATIONS v i 
C h a p t e r 
I . INTRODUCTION 1 
The P rob lem 
What A l l o w a n c e s Are and Why They a r e Needed 
P r e s e n t P r o c e d u r e s f o r E s t a b l i s h i n g A l l o w a n c e s 
Judgment 
P r o d u c t i o n S t u d y 
R a t i o - D e l a y 
E x p e r i m e n t a l P r o c e d u r e s f o r E s t a b l i s h i n g U n a v o i d a b l e 
I t e lay A l l o w a n c e s 
D w y e r ' s Work 
P i c k e t t 1 s Work 
I I . THE DEVELOPMENT OF THE AUTOMATIC RATIO-DELAY DEVICE 11 
I I I . PROCEDURE 13 
D e s c r i p t i o n of P r o c e d u r e 
The O p e r a t i o n 
Workp lace L a y o u t 
The P r o d u c t i o n S t u d y 
Camera N o t e s 
IV . RESULTS 18 
E v a l u a t i o n of F i l m s 
T a b l e of R e s u l t s 
Compar ison o f R e s u l t s 
D i s c u s s i o n of R e s u l t s 
D i s c u s s i o n of t h e O p e r a t i o n o f t h e D e v i c e 
i v 
REFERENCES 26 
V I I . APPENDIX 28 
D e s c r i p t i o n of Equ ipment 
» 
LIST OF TABLES 
T a b l e p a g e 
1 . R e s u l t s of P r o d u c t i o n and R a t i o - D e l a y S t u d i e s 20 
2 . Compar i son o f R e s u l t s . 22 
v i 
LIST OF ILLUSTRATION 
F i g u r e Page 
1 . Workp lace Layou t l £ 
2 . T y p i c a l F i l m S t r i p 19 
3 . G e n e r a l W i r i n g Diagram. 31 
i i . Random G e n e r a t o r . . 32 
Diagram of t h e Time De lay C i r c u i t 3£ 
ABSTRACT 
THE DEVELOPMENT AND EVALUATION 
OF AN AUTOMATIC RATIO-DELAY DEVICE 
T h i s t h e s i s d e v e l o p s t h e need f o r u n a v o i d a b l e d e l a y a l l o w a n c e s a s 
an i n t e g r a l p a r t of p r e s e n t l y a c c e p t e d i n d u s t r i a l work measu remen t 
p r a c t i c e s . From a d i s c u s s i o n of t h e s e v a r i o u s t e c h n i q u e s u s e d t o e s t a b ­
l i s h t h e s e u n a v o i d a b l e d e l a y a l l o w a n c e s , a l o n g w i t h t h e i r r e s p e c t i v e 
s h o r t c o m i n g s a n d good f e a t u r e s , t h i s c o n c l u s i o n i s d r a w n : t h a t a more 
e c o n o m i c a l p r o c e d u r e f o r o b t a i n i n g i n f o r m a t i o n upon w h i c h t o b a s e u n ­
a v o i d a b l e d e l a y a l l o w a n c e s can be d e v e l o p e d . 
The p u r p o s e of t h i s t h e s i s i s t o t e s t t h i s h y p o t h e s i s : t h a t an 
a u t o m a t i c a l l y - t a k e n p h o t o g r a p h i c r a t i o - d e l a y s t u d y w i l l y i e l d r e s u l t s 
comparab l e w i t h t h e r e s u l t s o f a c o n c u r r e n t a l l - d a y t i m e s t u d y . 
The d e v e l o p m e n t o f a d e v i c e t o make an a u t o m a t i c p h o t o g r a p h i c 
r a t i o - d e l a y s t u d y i s d e s c r i b e d , and a c o m p l e t e d e s c r i p t i o n of i t s c o n ­
s t r u c t i o n and o p e r a t i o n a p p e a r s i n t h e a p p e n d i x . The e v a l u a t i o n o f t h i s 
d e v i c e c o n s i s t e d o f c o l l e c t i n g i n f o r m a t i o n a b o u t an a c t u a l i n d u s t r i a l 
o p e r a t i o n and compar ing t h e r e s u l t s o f t h i s s t u d y w i t h t h e r e s u l t s o f a 
c o n c u r r e n t p r o d u c t i o n s t u d y . A s t a t i s t i c a l t e s t was made t o d e t e r m i n e 
t h e s i g n i f i c a n c e of t h e d i f f e r e n c e be tween t h e two s e t s of d a t a . The 
d i f f e r e n c e s were n o t c o n s i d e r e d t o be s i g n i f i c a n t . The c o n c l u s i o n i s 
p r e s e n t e d t h a t , s u b j e c t t o c e r t a i n l i m i t a t i o n s , t h e d e v i c e p r o v i d e s a 
p r a c t i c a l and u s e f u l means of c o l l e c t i n g i n f o r m a t i o n upon which t o 
estabO Lsh u n a v o i d a b l e d e l a y a l l c ranees. 
INTRODUCTION 
The P rob l em 
The p u r p o s e o f t h i s t h e s i s i s t o d e t e r m i n e w h e t h e r an a u t o m a t i c a l ­
l y - t a k e n p h o t o g r a p h i c r a t i o - d e l a y s t u d y w i l l y i e l d u n a v o i d a b l e d e l a y 
a l l o w a n c e r e s u l t s c o m p a r a b l e w i t h t h o s e o b t a i n e d from a c o n c u r r e n t 
p r o d u c t i o n s t u d y , 
what A l l o w a n c e s Are a n d Why They Are Needed 
A l l o w a n c e s a r e an i n t e g r a l p a r t of a n y w e l l - e n g i n e e r e d t ime 
s t a n d a r d . A l l o w a n c e s a r e made f o r i r r e g u l a r l y o c c u r r i n g e l e m e n t s o f 
w o r k , f o r p e r s o n a l n e e d s of w o r k e r s , t h e u n a v o i d a b l e d e l a y s wh ich o c c u r 
i n i n d u s t r i a l p r o d u c t i o n , and f o r f a t i g u e . They a r e u s u a l l y made on a 
f l a t p e r c e n t a g e b a s i s a n d a r e added t o t h e t o t a l t i m e r e q u i r e d t o p e r f o r m 
a c e r t a i n s e q u e n c e o f hand and body m o t i o n s . T h u s , t h e t i m e r e q u i r e d t o 
p e r f o r m a s e t of hand and body m o t i o n s , p l u s t h e a l l o w a n c e t i m e , c o n s t i ­
t u t e s t h e t i m e s t a n d a r d . 
T h i s t h e s i s i s c o n c e r n e d o n l y w i t h t h e u n a v o i d a b l e d e l a y a l l o w a n c e . 
Such d e l a y s a r e s h o r t , u s u a l l y l e s s t h a n t h r e e m i n u t e s i n d u r a t i o n , a n d 
o c c u r w i t h u n p r e d i c t a b l e f r e q u e n c y . 
I n t h e f o l l o w i n g d i s c u s s i o n of a u t h o r i t a t i v e l i t e r a t u r e , t h e t e r m 
a l l o w a n c e r e f e r s t o t h e g e n e r a l f i e l d of a l l o w a n c e s . I n g e n e r a l , t h e 
l i t e r a t u r e i s c o n c e r n e d w i t h t h e g e n e r i c t e r m a l l o w a n c e s o f which u n a v o i d ­
a b l e d e l a y a l l o w a n c e s a r e a mos t i m p o r t a n t p a r t . T h i s d i s c u s s i o n i s 
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p r e s e n t e d t o e s t a b l i s h i n no u n c e r t a i n t e r m s t h e n e e d f o r a c c u r a t e and 
e c o n o m i c a l a l l o w a n c e s . The need f o r u n a v o i d a b l e d e l a y a l l o w a n c e s , 
t h e r e f o r e , w i l l n e c e s s a r i l y b e a p p a r e n t . 
I n 1 8 8 3 , F r e d e r i c k T a y l o r , t h e o r i g i n a t o r of t i m e s t u d y , i n 
h i s f i r s t p u b l i c a t i o n on s c i e n t i f i c management , w r o t e of t h e need f o r 
a l l o w a n c e s f o r p e r s o n a l n e e d s and n e c e s s a r y d e l a y s . T a y l o r s u g g e s t e d 
t h a t a l l o w a n c e s s h o u l d be a r r i v e d a t t h r o u g h t h e u s e o f t i m e s t u d y . No 
m e n t i o n was made i n T a y l o r ' s e a r l y works o f t h e l e n g t h of t h e s t u d y , b u t 
I t can be r e a s o n a b l y p resumed t h a t t h e s e s t u d i e s were much l o n g e r t h a n 
o r d i n a r y t i m e s t u d i e s ( 1 ) . O u r l e y , i n 1935* p r o p o s e d t h a t c o n t i n u o u s 
t i m e s t u d i e s , now known a s p r o d u c t i o n s t u d i e s , be t h e b a s i s f o r a l l o w ­
a n c e s . These s t u d i e s were t o b e c o m p l e t e l y d e t a i l e d ; and a l l d e l a y s , 
n e c e s s a r y o r o t h e r w i s e , were t o b e c a r e f u l l y n o t e d and r e c o r d e d . Com­
p a r i s o n s c o u l d t h e n b e made b e t w e e n o p e r a t o r s and a l l o w a n c e s made f o r 
a l l r e p r e s e n t a t i v e d e l a y s . T h i s p r o c e d u r e , a c c o r d i n g t o t h e a u t h o r , 
e l i m i n a t e d t h e need f o r judgment and p l a c e d a l l o w a n c e s on a f a c t u a l 
b a s i s ( 2 ) . 
S y l v e s t e r s u g g e s t e d t h r e e ways of e s t a b l i s h i n g a l l o w a n c e s . These 
p o s s i b i l i t i e s w e r e : t o summarize p a s t t i m e s t u d i e s , t o make e x t e n s i v e 
p r o d u c t i o n s t u d i e s , o r t o u s e t h e r a t i o - d e l a y t e c h n i q u e . He b e l i e v e d 
t h a t t h e mos t p r a c t i c a b l e p r o c e d u r e was t h e f i r s t m e n t i o n e d ( 3 ) • 
Mundel m e n t i o n e d t h r e e p o s s i b l e a p p r o a c h e s t o t h i s p r o b l e m : 
r a t i o - d e l a y , a l l - d a y p r o d u c t i o n s t u d i e s , t h e memomotion s t u d y ( k ) * Memo-
m o t i o n s t u d y i s t h e t a k i n g of m o t i o n p i c t u r e s a t a much s l o w e r s p e e d t h a n 
o r d i n a r i l y u t i l i z e d , u s u a l l y one f rame p e r s e c o n d . 
P r e s g r a v e l i s t e d t w e l v e t y p e s o f a l l o w a n c e s and a n a l y z e d e a c h t y p e 
i n d i v i d u a l l y ( 5 ) . Each c a s e was h a n d l e d d i f f e r e n t l y , and i n t h e w r i t e r ' s 
d i s c u s s i o n , t h e r e seems t o b e no common t e c h n i q u e of how t o e s t a b l i s h 
t h e s e a l l o w a n c e s . The a u t h o r a p p e a r s t o b e l i e v e t h a t t h e t i m e s t u d y 
d e p a r t m e n t s h o u l d b e more c o n c e r n e d w i t h t h e e l i m i n a t i o n o f t h e c a u s e s 
f o r a l l o w a n c e s t h a n t h e i r d e t e r m i n a t i o n . 
Good i n d u s t r i a l e n g i n e e r i n g p r a c t i c e demands t h a t any l e g i t i m a t e 
d e l a y , i n t e r r u p t i o n , o r m a l f u n c t i o n o f equ ipmen t be a c c o u n t e d f o r i n t h e 
e s t a b l i s h m e n t of j o b s t a n d a r d s . Cla imed u n f a i r n e s s i n t h e g r a n t i n g of 
a l l o w a n c e s i s a p r i n c i p a l b a s i s f o r p r e s e n t day t i m e s t u d y and i n c e n t i v e 
g r i e v a n c e s . O f t e n t i m e s , any d e l a y t i m e o r t i m e l o s t from p r o d u c t i o n i s 
r e c o r d e d and p a i d f o r a t t h e b a s e h o u r l y wage . Some i n c e n t i v e p l a n s , 
h o w e v e r , s t i p u l a t e t h e i n c l u s i o n o f d e l a y t i m e s i n t h e work s t a n d a r d . 
P r e s e n t p r a c t i c e t e n d s toward t h e l a t t e r , w i t h p r e d i c t a b l e minor d e l a y s 
i n c l u d e d i n t h e work s t a n d a r d , and e x t r a o r d i n a r y i n t e r r u p t i o n s r e c o r d e d 
and p a i d f o r a t a n h o u r l y r a t e a s a s e p a r a t e r e m u n e r a t i o n . 
I t i s i n b o t h t h e m a n a g e m e n t ' s and t h e l a b o r e r ' s i n t e r e s t s t o 
e s t a b l i s h p r o p e r and a c c u r a t e a l l o w a n c e s . B e l l o w s , i n 19U5>, p r e s e n t e d 
s e v e r a l r e a s o n s why f a i r a l l o w a n c e s we re n e c e s s a r y . He o b s e r v e d t h a t t h e 
e m p l o y e e s 1 m o r a l e was a f f e c t e d by i n a d e q u a t e a l l o w a n c e s , f o r i t r e l a t e d 
d i r e c t l y t o t h e i r p a y . On t h e o t h e r h a n d , a l l o w a n c e s wh ich were t o o h i g h 
c o n s t i t u t e d a g i f t t o t h e w o r k e r , and were a d i r e c t c o s t t o management . 
P r o d u c t i o n s u f f e r e d w i t h t h e s e o v e r g e n e r o u s a l l o w a n c e s s i n c e t h e y t e n d e d 
t o r e d u c e t h e w o r k e r s ' i n c e n t i v e t o p r o d u c e ( 6 ) . 
P r e s e n t Methods o f E s t a b l i s h i n g U n a v o i d a b l e D e l a y A l l o w a n c e s 
J u d g m e n t . - - O n e of t h e more common means o f a r r i v i n g a t u n a v o i d a b l e d e l a y 
a l l o w a n c e s i s j u d g m e n t , o r d e c i d i n g i n a more o r l e s s a r b i t r a r y way w h a t 
• 
t h e a l l o w a n c e s s h o u l d b e . The a p p e a l of t h i s method l i e s i n i t s e a s e , 
c o n v e n i e n c e , a n d r o c k - b o t t o m c o s t . J u s t i f i c a t i o n f o r such a p r o c e d u r e 
i s u s u a l l y e x p e r i e n c e o r e x p e d i e n c y . Morrow w r o t e t h a t many c o n c e r n s 
r e s o r t e d t o t h i s method of e s t a b l i s h i n g u n a v o i d a b l e d e l a y a l l o w a n c e s b e ­
c a u s e of t h e c o s t of making p r o d u c t i o n s t u d i e s ( 7 ) . From an e n g i n e e r i n g 
s t a n d p o i n t , o n l y d i r e emergency o r v e r y s h o r t p r o d u c t i o n r u n s on a t i m e 
s t a n d a r d would j u s t i f y s u c h a p r o c e d u r e . Much of t h e c r i t i c i s m of 
i n d u s t r i a l e n g i n e e r i n g i n g e n e r a l a n d t i m e s t u d y i n p a r t i c u l a r i s e n ­
g e n d e r e d by j u s t such i l l - c o n c e i v e d means a s t h i s . 
P r o d u c t i o n S t u d i e s . - - P r o d u c t i o n s t u d i e s a r e t h e mos t commonly u s e d means 
o f o b t a i n i n g i n f o r m a t i o n f o r t h e c a l c u l a t i o n of u n a v o i d a b l e d e l a y a l l o w ­
a n c e s , A p r o d u c t i o n s t u d y i s e s s e n t i a l l y an a l l - d a y t i m e a c c o u n t i n g o f 
t h e o p e r a t o r ^ a c t i v i t i e s , w i t h p a r t i c u l a r a t t e n t i o n b e i n g p a i d t o d e l a y s 
and i n t e r r u p t i o n s . I n s t e a d of r e c o r d i n g t h e d e t a i l e d m o t i o n s of t h e 
o p e r a t o r and t i m e r e q u i r e d f o r t h e s e m o t i o n s , t h e o b s e r v e r s i m p l y r e c o r d s 
" o p e r a t o r w o r k i n g " and t h e n a t u r e and e x t e n t of t h e d e l a y s and i n t e r r u p ­
t i o n s . 
P r o d u c t i o n s t u d i e s u s u a l l y c o n t i n u e f o r t h e e n t i r e work ing d a y and 
i n some i n s t a n c e s on a t w e n t y - f o u r hour p e r d a y b a s i s . U s u a l l y , s u f f i ­
c i e n t i n f o r m a t i o n can be g a t h e r e d i n t h e c o u r s e of two w e e k s 1 s t u d y t o 
c a l c u l a t e r e a s o n a b l e , u n a v o i d a b l e d e l a y a l l o w a n c e s . The d i s a d v a n t a g e s of 
t h i s p r o c e d u r e a r e u n p r e d i c t a b l e a c c u r a c y and h i g h c o s t . M o r e o v e r , no 
t h e o r e t i c a l b a s i s f o r e s t a b l i s h i n g t h e l e n g t h of a n y g i v e n s t u d y h a s been 
d e v e l o p e d . A t i m e s t u d y o b s e r v e r i s u s u a l l y employed t o make such o b s e r ­
v a t i o n s , and h i s work i s n o t comp le t ed a t t h e end of tile work ing p e r i o d . 
G e n e r a l l y , one h o u r p e r d a y mus t b e a l l o w e d t h i s o b s e r v e r f o r summar iz ing 
h i s s t u d y . An a d d i t i o n a l d i s a d v a n t a g e i s t h e t e d i o u s a n d "boring n a t u r e 
o f t h e o b s e r v a t i o n w o r k , some t imes c a u s i n g e r r o r i n e v a l u a t i n g and p o s t ­
i n g d e l a y s . 
R a t i o - D e l a y . — T h e t h i r d i m p o r t a n t method of d e t e r m i n i n g u n a v o i d a b l e d e l a y 
a l l o w a n c e s i s t h e r a t i o - d e l a y o b s e r v a t i o n t e c h n i q u e . I n t h e words of i t s 
o r i g i n a t o r , L . H. C . T i p p e t t , t h e r a t i o - d e l a y method of d e t e r m i n i n g 
a l l o w a n c e s i s " a s n a p - r e a d i n g method of making t i m e s t u d i e s " ( 8 ) . I t i s 
i n t e r e s t i n g t o n o t e t h a t t h i s method o r i g i n a t e d from a d e s i r e t o improve 
upon s u b j e c t i v e p r o c e d u r e s u s e d t o e s t a b l i s h u n a v o i d a b l e d e l a y a l l o w a n c e s 
i n t h e t e x t i l e i n d u s t r y i n G r e a t B r i t a i n . 
T i p p e t t ' s a p p r o a c h was made w i t h t h e d e s i r e o f overcoming t h e 
t e d i o u s and c o s t l y l i m i t a t i o n s of t h e a l l - d a y p r o d u c t i o n s t u d y . A n o t h e r 
f a c t o r was t h e p s y c h o l o g i c a l b l o c f e l t by t h e w o r k e r w h i l e u n d e r c o n s t a n t 
o b s e r v a t i o n . S t i l l a n o t h e r s h o r t c o m i n g was t h e p o s s i b l y i n a c c u r a t e i n ­
f o r m a t i o n g a t h e r e d from a p r o d u c t i o n s t u d y made u n d e r r a p i d l y c h a n g i n g 
c o n d i t i o n s , and t h e new method was t o overcome t h i s d i f f i c u l t y a l o n g w i t h 
t h o s e a l r e a d y m e n t i o n e d . 
T i p p e t t e v o l v e d a p r o c e d u r e of t a k i n g a l a r g e number o f s n a p - r e a d ­
i n g s o f m a c h i n e s , a t random i n t e r v a l s , and r e c o r d i n g t h e i r s t a t u s , e i t h e r 
w o r k i n g o r i d l e , and t h e c a u s e of t h e i d l e n e s s . Through u s e of T i p p e t t ' s 
m e t h o d , t h e p e r c e n t a g e of t h e r e a d i n g s t h a t r e c o r d t h e machine a s work ing 
w i l l a p p r o a c h t h e p e r c e n t a g e of t h e t i m e t h a t t h e machine i s p r o d u c i n g . 
T i p p e t t w e n t on t o s a y t h a t i f t h e r e a d i n g s a r e r a n d o m l y d i s t r i b u t e d o v e r 
a s u f f i c i e n t l y l o n g p e r i o d , t h e p e r c e n t a g e w i l l h o l d r e g a r d l e s s of t h e 
n a t u r e o r e x t e n t of t h e d e l a y s . 
The o p e r a t i o n t o b e s t u d i e d s h o u l d be a n a l y z e d , and homogenous 
g r o u p i n g s of s i m i l a r d e l a y s s h o u l d be e s t a b l i s h e d . The d e t e r m i n i n g 
f a c t o r i n t h e number of g r o u p s i s , of c o u r s e , t h e same a s f o r p r o d u c t i o n 
s t u d y * t h e breakdown s h o u l d b e made t o t h e e x t e n t t h a t i t w i l l b e s u b ­
s e q u e n t l y a p p l i e d t o p r o d u c t i o n s t a n d a r d s . 
I n making a r a t i o - d e l a y s t u d y , T i p p e t t s u g g e s t e d a d h e r e n c e t o 
s e v e r a l p r i n c i p l e s . The o b s e r v a t i o n s h o u l d be made i n a random manner , 
and t h e d e c i s i o n s ( a s t o w h e t h e r w o r k i n g o r i d l e a n d , i f i d l e , t h e c a u s e ) 
s h o u l d be made i n s t a n t a n e o u s l y i f p o s s i b l e . He a d v o c a t e d a s p e c i f i c 
s p o t from which t o t a k e o b s e r v a t i o n s i n o r d e r t o p r e c l u d e a n t i c i p a t i o n of 
t h e o p e r a t o r ' s movements . 
The number of o b s e r v a t i o n s t o b e made depends upon t h e o c c u r r e n c e 
and v a r i a t i o n of t h e d e l a y s f o u n d . I n g e n e r a l , t h e l i t e r a t u r e a v a i l a b l e 
on t h e s u b j e c t e m p h a s i z e s t h e n e e d f o r a l a r g e number of o b s e r v a t i o n s . 
P e t r o s a i d t h a t fewer t h a n a t h o u s a n d o b s e r v a t i o n s would be of l i t t l e 
v a l u e ( 9 ) . Morrow, i n g e n e r a l a g r e e d w i t h t h e l a r g e number of o b s e r v a ­
t i o n s s c h o o l o f t h o u g h t , b u t c o n t e n d e d t h a t t h e r e s u l t s of a s few a s 
t h r e e h u n d r e d o b s e r v a t i o n s can be u s e d , i f t h e d e l a y s a r e b i n o n i a l l y 
d i s t r l b u t e d ( l O ) • B i n o m i a l d i s t r i b u t i o n d e l a y s a r e commonly e n c o u n t e r e d 
i n i n t e r f e r e n c e r e s u l t i n g f rom m u l t i p l e - m a c h i n e a s s i g n m e n t s . I t i s 
i n t e r e s t i n g t o n o t e t h a t n e i t h e r P e t r o n o r Marrow s p e c i f i e d t h e number 
of o p e r a t o r s o r m a c h i n e s t o be o b s e r v e d , 
P e t r o q u o t e d a u n i q u e s t u d y made by an i n d u s t r i a l t i m e s t u d y 
s t a f f . Members were i n s t r u c t e d t o n o t e t h e c o n d i t i o n s s u r r o u n d i n g a 
p a r t i c u l a r j o b w h i l e on t h e i r way t o make a s t u d y o r r e t u r n i n g from a 
s t u d y . The r e s u l t s of t h i s r a t i o - d e l a y s t u d y compared f a v o r a b l y w i t h a 
c o n t i n u o u s p r o d u c t i o n s t u d y made f o r a l m o s t t h r e e h u n d r e d h o u r s ( 1 1 ) . 
7 
Ba rnes and C o r r e l l l i s t e d t h e p r e c a u t i o n s t h a t s h o u l d be t a k e n 
w i t h a r a t i o - d e l a y stucry i n o r d e r t o a v o i d b i a s . The a u t h o r s a r r i v e d a t 
t h e s e r e c o m m e n d a t i o n s a f t e r a c o m p r e h e n s i v e i n v e s t i g a t i o n of r a t i o - d e l a y 
a p p l i c a t i o n i n a c t u a l i n d u s t r i a l o p e r a t i o n s , 
1« C l e a r l y d e f i n e p r o d u c t i v e and d e l a y s t a t u s ; t h e d e c i s i o n r e ­
g a r d i n g s t a t u s mus t be made i n s t a n t l y * D e l a y s s h o u l d n o t b e 
a n t i c i p a t e d . 
2 . Take t h e o b s e r v a t i o n s a t t r u l y random i n t e r v a l s , and a v o i d 
p e r i o d i c s t o p s s u c h a s r e s t p e r i o d s , 
3 , Long d e l a y s s h o u l d be r e c o r d e d o n l y o n c e , 
U, The u s e of t h e r e s u l t s s h o u l d b e c o n s i d e r e d i n d e t e r m i n i n g 
p e r i o d s of o b s e r v a t i o n s . I f t h e y a r e t o b e a p p l i e d to 
a l l o w a n c e s f o r i n c e n t i v e w o r k , t h e n o b s e r v a t i o n s s h o u l d be 
made w h i l e i n c e n t i v e work i s b e i n g d o n e . 
S u f f i c i e n t o b s e r v a t i o n s s h o u l d be made t o d e c r e a s e t h e 
s a m p l i n g e r r o r s t o w i t h i n a c c e p t a b l e l i m i t s . The g r e a t e r 
t h e p e r c e n t a g e d e l a y s , t h e g r e a t e r t h e number o f o b s e r v a ­
t i o n s n e e d e d , 
6 , P r o d u c t i o n r e c o r d s s h o u l d be c h e c k e d f o r t h e p e r i o d of t h e 
s t u d y t o d e t e r m i n e i f r e s u l t s w e r e o b t a i n e d d u r i n g a n o r m a l 
work p e r i o d , 
7 , In fo rm t h e w o r k e r s t h a t t h e s t u d y i s b e i n g made and i n s t r u c t 
them t o work a s u s u a l , 
8 , I n c a l c u l a t i n g t h e r e s u l t s , o n l y homogenous g r o u p s of d a t a 
shou ld be u s e d ( 1 2 ) . 
B a r n e s and C o r r e l l a l s o a d v i s e d t h a t t h e o b s e r v a t i o n s shou ld c o v e r 
t h e e n t i r e work d a y and work week . D u r i n g t h i s p e r i o d a l o g s h o u l d be 
k e p t t o i n s u r e t h e l a p s e of a d e q u a t e t i m e be tween o b s e r v a t i o n s s o t h a t 
t h e y w i l l b e t r u l y i n d e p e n d e n t . T h i s r e c o r d i s n e c e s s a r y b e c a u s e t h e 
r a t i o - d e l a y t h e o r y i s b a s e d upon t h e number of d e l a y s , r a t h e r t h a n t h e i r 
l e n g t h ( 1 3 ) , S c h a e f f e r h a s s u g g e s t e d t h a t s e v e r a l o p e r a t o r s s h o u l d be 
s t u d i e d on t h e same o b s e r v a t i o n a l t r i p t o r e d u c e t h e c o s t of t h e s t u d y ( l U ) , 
A b r u z z i , i n h i s r e c e n t b o o k , Work Measu remen t , p o i n t e d o u t s e v e r a l 
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i n t e r e s t i n g a s p e c t s of t h e a p p l i c a t i o n of t h e r a t i o - d e l a y a l l o w a n c e d e ­
t e r m i n a t i o n m e t h o d . He a d v a n c e d t h e i d e a t h a t t h e r a t i o - d e l a y t e c h n i q u e 
i s c o n c e r n e d w i t h t h e g r a n d c h a r a c t e r i s t i c s of d e l a y s , and o f f e r e d an 
e x p l a n a t i o n of d i s a g r e e m e n t s i n Morrow 1 s p u b l i s h e d d a t a on r a t i o - d e l a y 
r e s u l t s w i t h t h i s i d e a . Grand c h a r a c t e r i s t i c s r e f e r t o d e l a y s e x p e r i ­
e n c e d o v e r a l o n g p e r i o d o f t i m e . L o c a l c h a r a c t e r i s t i c s r e f e r t o d e l a y s 
o v e r a much s h o r t e r p e r i o d . A b r u z z i m a i n t a i n e d t h a t s i n c e r a t i o - d e l a y 
i s c o n c e r n e d w i t h g r a n d c h a r a c t e r i s t i c s , o b s e r v a t i o n s b a s e d upon one 
o p e r a t o r a r e n o t v a l i d ( l f>) . H i s s t u d i e s on l o c a l s t a b i l i t y and g r a n d 
s t a b i l i t y e s t a b l i s h t h e v a l u e of g r a n d s t a b i l i t y s t u d i e s : t h a t i s , many 
o p e r a t o r s s h o u l d be o b s e r v e d ove r a l e n g t h y p e r i o d of t i m e . 
T i p p e t t p o i n t s o u t t h a t t h e r e a r e two k i n d s of e r r o r s p r e s e n t i n 
r a t i o - d e l a y s t u d y : s y s t e m a t i c and r andom. S y s t e m a t i c e r r o r s can be 
r e d u c e d by making o b s e r v a t i o n s a t t r u l y random t i m e s w i t h t h e o p e r a t o r ' s 
c o n f i d e n c e . When s y s t e m a t i c e r r o r s a r e e l i m i n a t e d , random v a r i a t i o n s 
be tween r e p e a t e d d e t e r m i n a t i o n s o f a p e r c e n t a g e a r e u s u a l l y o n l y 
s l i g h t l y g r e a t e r t h a n may be e x p r e s s e d by t h e b i n o m i a l l a w ; hence i t can 
t h e n b e u s e d t o c a l c u l a t e t h e s t a n d a r d e r r o r o f t h e r e s u l t s . 
I f a l a r g e number of o b s e r v a t i o n s a r e made, random v a r i a t i o n i s 
r e d u c e d t o a minimum; b u t s y s t e m a t i c e r r o r s become i n c r e a s i n g l y i m p o r t a n t . 
U n l e s s e x c e p t i o n a l p r e c a u t i o n s a r e t a k e n , t h e t o t a l e r r o r i s n o t l i k e l y 
t o be r e d u c e d much be low two p e r c e n t a g e p o i n t s . E x c e p t i o n s o c c u r whe re 
t h e p e r c e n t measured i s v e r y s m a l l or v e r y l a r g e (be tween z e r o and f i v e 
p e r c e n t , o r b e t w e e n n i n e t y - f i v e and o n e - h u n d r e d p e r c e n t ) o r when 
c o m p a r i s o n s a r e b e i n g made u n d e r c o n d i t i o n s w i t h c o n s t a n t s y s t e m a t i c 
e r r o r s ( 1 6 ) . 
The m a g n i t u d e of t h e r a n d o n v a r i a t i o n can be computed from t h e 
f o r m u l a : 
where * s t a n d a r d d e v i a t i o n o f a p e r c e n t a g e 
p c t h e p e r c e n t a g e e x p r e s s e d a s d e c i m a l 
N * t h e number of o b s e r v a t i o n s 
The s a t i s f a c t o r y l i m i t s of a c c u r a c y o f i n d u s t r i a l r a t i o - d e l a y 
s t u d i e s h a v e b e e n m e n t i o n e d by Ba r nes and C o r r e l l a s b e i n g f i v e p e r 
c e n t ( 1 7 ) . T h i s s t a t e m e n t means t h a t t h e t r u e v a l u e o f ttie u n a v o i d a b l e 
d e l a y p e r c e n t a g e a l l o w a n c e s h o u l d be i n t h e r a n g e from t h e e s t i m a t e d 
v a l u e , p l u s f i v e p e r c e n t t o t h e e s t i m a t e d v a l u e , minus f i v e p e r c e n t . 
Fo r e x a m p l e , where t h e u n a v o i d a b l e d e l a y a l l o w a n c e was d e t e r m i n e d t o be 
t w e n t y p e r c e n t , o r . 2 0 o f t h e t o t a l t i m e s t a n d a r d , t h e t r u e v a l u e f o r 
t h e a l l o w a n c e wou ld f a l l somewhere b e t w e e n O.lf? and 0 . 2 5 of t h e t o t a l 
t i m e s t a n d a r d . 
E x p e r i m e n t a l P r o c e d u r e s f o r E s t a b l i s h i n g U n a v o i d a b l e Delay A l l o w a n c e s 
P a y e r ' s W o r k . — I n 1950 a t G e o r g i a I n s t i t u t e of T e c h n o l o g y , I>ryer e x e c u t e d 
a r e s e a r c h p r o j e c t which p o i n t e d o u t t h e u s e f u l n e s s o f a movie c a m e r a , 
a c t i v a t e d f o r s h o r t s e q u e n c e s of f r a m e s , f o r t h e c o l l e c t i o n of c e r t a i n 
t y p e s of d a t a ( l 8 ) . S i n c e t h e a c t i v a t i o n i n t e r v a l s were r e g u l a r and 
e q u a l l y s p a c e d , h i s s t u d y d i d n o t meet t h e r e q u i r e m e n t s of t h e r a t i o -
d e l a y t e c h n i q u e . However , h i s work l e d t o t h e f u r t h e r e x p l o r a t i o n 
m e n t i o n e d b e l o w . 
P i c k e t t ' s W o r k . — P i c k e t t , i n 1 9 5 2 , i n v e s t i g a t e d a p h o t o g r a p h i c r a t i o - d e l a y 
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t e c h n i q u e . H i s p r o c e d u r e c o n s i s t e d o f t a k i n g one f r a m e , a t random i n t e r ­
v a l s , w i t h a movie c a m e r a , and making a s i m u l t a n e o u s , v i s u a l r a t i o - d e l a y 
s t u d y ( 1 9 ) . P i c k e t t ' s f i n d i n g s were n e g a t i v e , f a r t h e f o l l o w i n g r e a s o n s ; 
I t The two s t u d i e s d i d n o t s a t i s f a c t o r i l y a g r e e . 
2 . The s t u d i e s were o f i n s u f f i c i e n t d u r a t i o n . 
3 . S i m u l t a n e o u s o b s e r v a t i o n s were d i f f i c u l t t o a c h i e v e . 
H i s work , a l o n g w i t h t h a t of Dwyer, p rompted t h i s f u r t h e r i n v e s t i g a t i o n 
i n t o t h e p h o t o g r a p h i c me thods of making m o d i f i e d r a t i o - d e l a y s t u d i e s . 
The w r i t e r i s of t h e o p i n i o n t h a t t h e s i n g l e frame r e l e a s e p r o c e d u r e u s e d 
by P i c k e t t d i d n o t p r o v i d e enough i n f o r m a t i o n r e g a r d i n g t h e a c t u a l s t a t e 
o f t h e o p e r a t i o n i n q u e s t i o n . The w r i t e r f u r t h e r b e l i e v e s t h a t a s e r i e s 
of p i c t u r e s w i l l convey t h e r e q u i s i t e i n f o r m a t i o n so t h a t p h o t o g r a p h i c 
r a t i o - d e l a y w i l l a g r e e more c l o s e l y w i t h t h e a c t u a l s i t u a t i o n . Tak ing 
o n l y one f rame a t a t i m e does n o t make f u l l u s e of t h e c a p a b i l i t i e s o f a 
c a m e r a . The u t i l i t y o f t h e movie camera l i e s i n I t s p r o v i s i o n f o r t h e 
p o r t r a y a l of m o t i o n ; a n d i f o n l y one frame i s e x p o s e d a t a t i m e , no u s e 
i s made of t h i s u n i q u e f e a t u r e . 
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CHAPTER I I 
THE DEVELOPMENT OF THE AUTOMATIC PHOTOGRAPHIC RATIO-DELAY DEVICE 
I n t h e p r e c e d i n g c h a p t e r , an a t t e m p t h a s b e e n made t o e x p l a i n t h e 
s u p e r i o r i t y o f t h e r a t i o - d e l a y o b s e r v a t i o n t e c h n i q u e a s a means f o r 
g a t h e r i n g i n f o r m a t i o n upon which t o b a s e u n a v o i d a b l e d e l a y a l l o w a n c e s . 
R a t i o - d e l a y p r o v i d e s i n f o r m a t i o n of known a c c u r a c y l i m i t s more e c o n o m i c a l ­
l y and w i t h l e s s t e d i o u s n e s s t h a n d o e s t h e p r o d u c t i o n s t u d y . P r o d u c t i o n 
s t u d i e s a r e s u b j e c t t o many e r r o r s of o m i s s i o n o r c o m m i s s i o n , due l a r g e l y 
t o t h e i r e x c e e d i n g l y t e d i o u s n a t u r e . The e l i m i n a t i o n of t h i s t y p e o f 
d r u d g e r y i s i n i t s e l f a w o r t h y c a u s e $ f o r i t n o t o n l y f r e e s t h e t i m e 
s t u d y o b s e r v e r from t h e yoke o f c o n s t a n t a t t e n t i o n , i t f r e e s t h e i n d u s t r i a l 
w o r k e r from c o n s t a n t s u r v e i l l a n c e . Thus i s e s t a b l i s h e d t h e s u p e r i o r i t y 
of t h e r a t i o - d e l a y t e c h n i q u e f o r mos t i n d u s t r i a l p u r p o s e s . 
Tne e a r l i e r work of Dwyer, w i t h a m o d i f i c a t i o n o f M u n d e l ' s memo-
m o t i o n t e c h n i q u e , and P i c k e t t ' s e x p e r i m e n t a t i o n w i t h a m o d i f i c a t i o n of 
t h e r a t i o - d e l a y t e c h n i q u e , p rompted t h e w r i t e r t o t h i s f u r t h e r e x p e r i ­
m e n t a t i o n . R a t i o - d e l a y h a s b e e n shown t o be s u p e r i o r t o p r o d u c t i o n s t u d y ; 
and P i c k e t t ' s and Dwyer 1 s work p o i n t e d t o a p r o c e d u r e w h i c h , f o r some u s e s , 
c o u l d be s u p e r i o r t o r a t i o - d e l a y . 
The b a s i c d i f f e r e n c e be tween t h e r a t i o - d e l a y o b s e r v a t i o n t e c h n i q u e 
and a p h o t o g r a p h i c m o d i f i c a t i o n o f t h i s t e c h n i q u e s h o u l d b e c l e a r l y 
u n d e r s t o o d . R a t i o - d e l a y s t u d i e s a r e l i m i t e d o n l y try t h e c a p a c i t y of t h e 
o b s e r v e r and t h e t i m e a v a i l a b l e f o r s t u d i e s . A p h o t o g r a p h i c m o d i f i c a t i o n 
o f t h i s t e c h n i q u e i s l i m i t e d by t h e c a p a b i l i t i e s of t h e camera and i t s 
-
c o n t r o l mechanism which can a c c o m p l i s h o n l y a p r e d e t e r m i n e d s e q u e n c e of 
a c t i o n s a t a f i x e d l o c a t i o n . T h u s , t h e u s e of a p h o t o g r a p h i c r a t i o - d e l a y 
t e c h n i q u e i s l i m i t e d t o t h e o b s e r v a t i o n of one o r , a t m o s t , a s m a l l g r o u p 
o f m a c h i n e s a n d / o r w o r k e r s . 
A l t h o u g h t h e u s e f u l n e s s o f a n a u t o m a t i c p h o t o g r a p h i c r a t i o - d e l a y 
d e v i c e i s n o t u n i v e r s a l , t h e r e a r e many t y p e s o f i n d u s t r i a l a c t i v i t i e s 
w h e r e such a d e v i c e c o u l d be s u b s t i t u t e d f o r t h e r a t i o - d e l a y t e c h n i q u e 
g e n e r a l l y employed . I n i n d i v i d u a l or c r e w work c o n f i n e d t o a r e l a t i v e l y 
s m a l l a r e a , a p h o t o g r a p h i c p r o c e d u r e c o u l d be u s e d . The o n l y n e c e s s i t i e s 
f o r t h e e c o n o m i c a l a p p l i c a t i o n of s u c h a p r o c e d u r e would be a camera 
p r o v i d i n g a c l e a r image o v e r t h e e n t i r e work a r e a and u n r e s t r i c t e d f i e l d 
of v i s i o n f o r t h e camera . 
An a p p a r a t u s t o make a p h o t o g r a p h i c r a t i o - d e l a y s t u d y was d e v e l o p e d . 
T h i s a p p a r a t u s c o n s i s t e d of a d e v i c e f o r p r o d u c i n g random i m p u l s e s , a n 
e l e c t r o n i c t i m i n g c i r c u i t , a power s u p p l y , and a s i x t e e n m i l l i m e t e r gun 
c a m e r a . A d e s c r i p t i o n of t h e c o n s t r u c t i o n and o p e r a t i o n o f t h i s d e v i c e 
a p p e a r s i n t h e a p p e n d i x . 
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CHAPTER I I I 
PROCEDURE 
D e s c r i p t i o n of P r o c e d u r e 
I n o r d e r t o e v a l u a t e t h e a u t o m a t i c p h o t o g r a p h i c r a t i o - d e l a y d e v i c e , 
i t was n e c e s s a r y t o p l a c e i t i n o p e r a t i o n i n an i n d u s t r i a l p l a n t t o make 
a r a t i o - d e l a y s t u d y and a c o n c u r r e n t p r o d u c t i o n s t u d y . A t e x t i l e weav­
i n g o p e r a t i o n was s e l e c t e d , a n d a p r e l i m i n a r y s u r v e y was made t o f a m i l ­
i a r i z e t h e w r i t e r w i t h t h e o p e r a t i n g p r o c e d u r e s o f t h i s m i l l * 
The O p e r a t i o n 
The w e a v e r ' s a s s i g n m e n t c o n s i s t e d of f o u r t e e n s e m i - a u t o m a t i c looms 
w e a v i n g d r a p e r y f a b r i c s . These l o o m s , once s t a r t e d , c o n t i n u e t o r u n 
u n t i l a s t r a n d o f y a r n b r e a k s , o r a m e c h a n i c a l m a l f u n c t i o n a r i s e s , o r t h e 
warp o r f i l l i n g s u p p l y i s e x h a u s t e d . No o p e r a t o r a t t e n t i o n i s r e q u i r e d 
o t h e r t h a n t h a t of c u r s o r y i n s p e c t i o n and p e r h a p s o c c a s i o n a l work on t h e 
warp t h r e a d s a s t h e y become v i s i b l e . I f a y a r n b r e a k o c c u r s o r a mechan­
i c a l d i f f i c u l t y a r i s e s , t h e loom s t o p s a u t o m a t i c a l l y and mus t be s e r v i c e d 
b e f o r e b e i n g r e s t a r t e d . The weaver i s on t h e j o b e i g h t h o u r s c o n t i n u o u s l y , 
f o r t h e r e a r e no s c h e d u l e d r e s t i n t e r v a l s o r l u n c h p e r i o d s . The w e a v e r 
i s p a i d on a p i e c e r a t e , w i t h p e n a l t i e s f o r p o o r q u a l i t y c l o t h i n e x c e s s 
o f a f i x e d a l l o w a n c e f o r s e c o n d s . T h u s , t h e o p e r a t o r h a s a f i n a n c i a l i n ­
c e n t i v e t o r e d u c e t h e loom down t i m e t o a s low a f i g u r e a s p o s s i b l e , c o n ­
s i s t e n t w i t h a c c e p t a b l e q u a l i t y . 
The w e a v e r s t u d i e d i n t h i s t h e s i s r e s e a r c h was p r o v i d e d w i t h a 
Hi 
number of s e r v i c e s by i n d i r e c t l a b o r e r s . B a t t e r y h a n d s t e n d e d t h e f i l l ­
i n g s u p p l y . Smash h a n d s r e p a i r e d b r e a k s i n v o l v i n g more t h a n y a r n s t r a n d s . 
Loom f i x e r s w e r e a v a i l a b l e m e r e l y b y r a i s i n g an i n d i c a t o r on a f a u l t y 
loom. Warp c h a n g e r s we re r e s p o n s i b l e f o r r e p l a c i n g e x h a u s t e d w a r p s . 
T h e r e f o r e , t h e w e a v e r c o u l d c o n c e n t r a t e h i s e f f o r t s on r a p i d l y r e s t a r t i n g 
t h e l o o m s . 
The c l o t h b e i n g p r o d u c e d was 118 s t r a n d s of y a r n p e r i n c h of w a r p , 
39 p i c k s ( s t r a n d s of y a r n ) p e r i n c h o f f i l l i n g ; and t h e w e i g h t was 1 .59 
y a r d s p e r p o u n d . D r a p e r XD model looms were u s e d , and t h e c l o t h was 52 
i n c h e s i n w i d t h . The warp s u p p l y was 1,U50 j^rda i n l e n g t h . 
Workplace L a y o u t 
The f o u r t e e n loom a s s i g n m e n t was a r r a n g e d i n two l i n e s , e a c h s e v e n 
looms i n l e n g t h , f a c i n g e a c h o t h e r . Thus t h e weave r c o u l d wa lk t h e 
s e v e n t y f o o t a i s l e be tween t h e loom f r o n t s and o b s e r v e and r e p a i r b r e a k s 
a s t h e o c c a s i o n demanded. 
The camera and c o n t r o l mechanism were mounted on a p l a t f o r m a b o u t 
f i f t e e n f e e t from t h e end of t h e loom a i s l e , and t h e camera was f o c u s e d 
on t h e two end l o o m s . The camera was s e t on a f i v e f o o t t r i p o d . The 
ma in a x i s o f t h e camera was on t h e c e n t e r l i n e of t h e a s s i g n m e n t , t i l t e d 
s l i g h t l y downward, f o r t h e p l a t f o r m was a b o u t two f e e t h i g h e r t h a n t h e 
main m i l l f l o o r . See F i g u r e 1 f o r t h e w o r k p l a c e l a y o u t . 
The P r o d u c t i o n S t u d y 
A p r o d u c t i o n s t u d y was made of t h e o p e r a t i o n of two looms a t t h e 
same t i m e t h a t t h e r a t i o - d e l a y d e v i c e was f u n c t i o n i n g . The p r o d u c t i o n 
s t u d y was made on a l l t h r e e s h i f t s s i n c e t h e m i l l o p e r a t e d on a t w e n t y 
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f o u r h o u r p e r day s c h e d u l e . T h i s s t u d y c o v e r e d t h i r t y f o u r and o n e - h a l f 
h o u r s and r e c o r d e d a l l t h e down t ime e x p e r i e n c e d b y t h e two looms 
o b s e r v e d by t h e r a t i o - d e l a y d e v i c e , a l o n g w i t h t h e r e a s o n f o r t h e i r 
n o n - p r o d u c t i v e s t a t u s . S e v e r a l c a t e g o r i e s of d e l a y s were n o t e d : 
Weaver U n a v a i l a b l e means t h a t t h e loom was n o t p r o d u c i n g , t h e 
w e a v e r n o t b e i n g a v a i l a b l e f o r s e r v i c i n g . Most o f t h e d e l a y s 
a r o s e f rom i n t e r f e r e n c e , o r t h e p r e o c c u p a t i o n of t h e w e a v e r . 
On two o c c a s i o n s , t h e w e a v e r was t a l k i n g w i t h a s u p e r v i s o r or a 
f r i e n d ; b u t t h i s t i m e was so i n s i g n i f i c a n t t h a t i t was i n c l u d e d 
i n t h e i n t e r f e r e n c e t o t a l . 
Weaver S e r v i c e was b r o k e n down i n t o t h r e e g r o u p s : warp s e r v i c e , 
f i l l i n g s e r v i c e , a n d m e c h a n i c a l s e r v i c e . The warp s e r v i c e c o n ­
s i s t e d of l o c a t i n g and r e t y i n g t h e b r o k e n t h r e a d ; d r a w i n g i t 
t h r o u g h t h e p r o p e r s p a c e s i n t h e d r o p w i r e s , h a r n e s s and r e e d ; 
and r e s t a r t i n g t h e l oom. The f i l l i n g s e r v i c e c o n s i s t e d of 
l o c a t i n g t h e b r o k e n s t r a n d of y a r n i n t h e s h u t t l e , r e p l a c i n g t h e 
s h u t t l e , a n d r e s t a r t i n g t h e l o o m . The m e c h a n i c a l s e r v i c e c o n ­
s i s t e d o f minor a d j u s t m e n t s , i f r e q u i r e d , and r e s t a r t i n g t h e loom. 
Most of t h e m e c h a n i c a l s e r v i c e s w e r e m e r e l y r e s t a r t s a f t e r a s l a m 
o f f , f o r w h i c h no c a u s e i s a p p a r e n t . 
Warp Out means t h a t t h e warp was b e i n g r e p l a c e d by i n d i r e c t 
l a b o r e r s . T h i s o p e r a t i o n r e q u i r e d a p p r o x i m a t e l y e i g h t y m i n u t e s , 
a n d was accompanied by a t h o r o u g h c l e a n i n g and l u b r i c a t i o n of t h e 
loom. 
F i x i n g r e f e r s t o s e r v i c e r e n d e r e d by m e c h a n i c s t o looms t h a t were 
o u t of a d j u s t m e n t , o r r e q u i r e d t h e r e p l a c e m e n t o f b r o k e n p a r t s . 
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Doff C l o t h means t h a t t h e loom was o u t of s e r v i c e f o r t h e r e m o v a l 
of a r o l l o f f i n i s h e d c l o t h . 
Camera N o t e s 
L i g h t i n g o f t h e w e a v e r ' s a s s i g n m e n t o f looms was p r o v i d e d b y two 
l i n e s o f f l u o r s c e n t f i x t u r e s , one o v e r t h e t o p of each l i n e of l o o m s . 
T h i s l i g h t i n g a r r a n g e m e n t p r o v i d e d s u f f i c i e n t i l l u m i n a t i o n f o r t h e 
e x p o s u r e of s i x t e e n m i l l i m e t e r Kodak Supe r XX f i l m w i t h o u t t h e n e e d f o r 
f l o o d l i g h t s o r o t h e r a u x i l i a r y l i g h t s o u r c e s , A l e n s s e t t i n g of f 1 .5 
was u s e d , A t o t a l of f o r t y - f i v e f e e t of f i l m was i n t e r m i t t e n l y e x p o s e d , 
w i t h a s t a n d a r d camera s p e e d of s i x t e e n f rames p e r s e c o n d . 
CHAPTER IV 
RESULTS 
E v a l u a t i o n o f F i l m s 
The f i l m s t r i p was p r o j e c t e d w i t h t h e a i d of a s i n g l e frame r e ­
l e a s e p r o j e c t o r , and t h e s t a t u s o f t h e o p e r a t i o n was d e t e r m i n e d . S i n c e 
t h e looms had two s t a r t i n g l e v e r s wh ich w e r e i n v e r t i c a l p o s i t i o n d u r i n g 
n o r m a l o p e r a t i o n and i n c l i n e d 3 0 ° when s t o p p e d , a d e c i s i o n a s t o r u n n i n g 
o r s t e p p e d c o u l d be made I n s t a n t l y . I f t h e loom was n o t r u n n i n g a n d t h e 
w e a v e r c o u l d b e s e e n w o r k i n g on an a d j a c e n t m a c h i n e , t h e c l a s s i f i c a t i o n 
was i n t e r f e r e n c e . I f a n i n d i r e c t l a b o r e r was s e e n t o be work ing on t h e 
l o o m , t h e c l a s s i f i c a t i o n was mach ine r e p a i r , warp c h a n g e , o r d o f f c l o t h , 
d e p e n d i n g on t h e s i t u a t i o n . The weave r s e r v i c e was b r o k e n down i n t o 
t h r e e c a t e g o r i e s a s m e n t i o n e d i n t h e p r e c e d i n g s e c t i o n ; b u t b e c a u s e o f 
t h e d i f f i c u l t y i n c l a s s i f y i n g some f r a m e s , t h e t o t a l was shown i n t h e 
r e s u l t s a s weaver s e r v i c e . 
A s h o r t s t r i p o f f i l m i s d i s p l a y e d on t h e f o l l o w i n g p a g e . The 
b l a n k f rames r e s u l t e d f rom t h e s t o p p a g e of t h e s h u t t e r i n an open p o s i ­
t i o n f o l l o w i n g t h e e x p o s u r e of a s e r i e s o f f r a m e s . 
Tab l e of R e s u l t s 
A t a b l e o f r e s u l t s a p p e a r s on t h e s e c o n d page f o l l o w i n g . A com­
p l e t e a c c o u n t i n g of a l l o b s e r v a t i o n t i m e and o c c u r r e n c e s from t h e f i l m 
s t r i p i s i n c l u d e d . 
- T y p i c a l F i l m S t r i p 
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T a b l e 1 . R e s u l t s of P r o d u c t i o n a n d R a t i o - D e l a y S t u d i e s 
L e n g t h of s t u d y 
Mach ines s t u d i e d 
Machine o u t p u t 
Machine o u t p u t a t 100% e f f . 
Machine e f f i c i e n c y 
P r o d u c t i o n S t u d y 
3 4 . 5 h r s . 
2 
5 7 8 , 0 0 0 p i c k s 
6 6 9 , 9 8 0 p i c k s 
8 6 . 2 7 # 
R a t i o - D e l a y S t u d y 
3U-5 h r s . 
2 
Not a p p l i c a b l e 
Not a p p l i c a b l e 
8 8 . 9 2 £ 
P r o d u c t i o n S t u d y 
D i s t r i b u t i o n o f O b s e r v a t i o n Time 
R a t i o - D e l a y S t u d y 
O p e r a t i o n M i n u t e s % O b s e r v a t i o n s % 
Machine p r o d u c i n g 3571*58 8 6 . 2 7 578 8 8 . 9 2 
I n t e r f e r e n c e 2 2 7 . 8 7 5 . 5 0 4 4 6 . 7 7 
O p e r a t o r s e r v i c e 1 6 2 . 4 9 3 . 9 3 18 2 . 7 7 
Machine r e p a i r 7 4 . 7 4 1 .80 1 .23 
Warp change 7 0 . 0 0 1 .69 . 1 5 
D o f f i n g c l o t h 1 1 . 2 9 . 2 7 . 1 5 
U n a c c o u n t e d f o r 2 2 . 0 3 • 54 
T o t a l s 4 1 4 0 . 0 0 1 0 0 . 0 0 650 1 0 0 . 0 0 
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Compar i son of R e s u l t s 
Tab le I I p r e s e n t s a c o m p a r i s o n of t h e t iro s e t s of r e s u l t s , p h o t o ­
g r a p h i c r a t i o - d e l a y and p r o d u c t i o n s t u d y . The o b s e r v e d f r e q u e n c i e s c a n 
be s e e n t o c l o s e l y a p p r o x i m a t e t h e e x p e c t e d f r e q u e n c i e s . The e x p e c t e d 
f r e q u e n c i e s f o r t h e v a r i o u s o p e r a t i o n s w e r e o b t a i n e d b y m u l t i p l y i n g t h e 
known t i m e d i s t r i b u t i o n p e r c e n t a g e s by t h e t o t a l number of o b s e r v a t i o n s 
made by t h e d e v i c e . 
The ^ t f t e s t was u s e d t o d e t e r m i n e t h e l e v e l of s i g n i f i c a n c e of 
t h e d i f f e r e n c e b e t w e e n t h e known c o n d i t i o n s found from t h e p r o d u c t i o n 
s t u d y and t h e s a m p l i n g of t h e s e c o n d i t i o n s by t h e r a t i o - d e l a y s t u d y . 
The c o m p a r i s o n of r e s u l t s d e t a i l s a l l of t h e m a t h e m a t i c a l s t e p s 
i n v o l v e d i n o b t a i n i n g a v a l u e f o r X 9 wh ich was c a l c u l a t e d from t h e 
e q u a l i t y : 
were ^ = t h e s t a t i s t i c 
0 * o b s e r v e d o p e r a t i o n f r e q u e n c y 
E « e x p e c t e d o p e r a t i o n f r e q u e n c y 
i n d i c a t e s t h e summation o v e r a l l o p e r a t i o n s 
T h i s e q u a t i o n i s t o be found i n I n d u s t r i a l E x p e r i m e n t a t i o n ( 2 0 ) . The 
t a b l e f o r t h e p r o b a b i l i t y a s s o c i a t e d w i t h v a l u e s of ^ f o r t h r e e d e g r e e s 
o f f reedom a r e t o be found i n t h e same r e f e r e n c e . 
The t e s t d i d n o t i n c l u d e two o p e r a t i o n s : warp change and 
c l o t h d b f f i n g . S i n c e t h e s e o p e r a t i o n s a r e r e g u l a r e v e n t s , t h e y do n o t 
come w i t h i n t h e s cope of r a t i o - d e l a y t h e o r y ( 2 l ) . 
T a b l e 2 . Compar ison of R e s u l t s 
O p e r a t i o n 
D i s t r i b u t i o n of 
P r o d u c t i o n Study-
Time 
% 
Expec t ed 
Frequency-
D i s t r i b u t i o n 
E 
Obse rved 
F r e q u e n c y 
D i s t r i b u t i o n 
0 O-E ( O - E ) 2 
( O - E ) 2 
E 
Machine Running 8 6 , 2 7 516 578 17 289 . 5 1 5 
I n t e r f e r e n c e 5 . 5 0 36 kh 
bO 61i 1 .778 
O p e r a t o r S e r v i c e 3 . 9 3 26 18 - 8 6k 2,U62 
Machine R e p a i r 1 ,80 1 2 ; -k 1 6 1 .333 
Warp Change 1 ,69 1 1 i NOT APPLICABLE 
D o f f i n g C l o t h . 27 i NOT APPLICABLE 
Unaccoun ted Fo r .5U u 0 NOT APPLICABI£ 
T o t a l 1 0 0 . 0 0 562 65o , = 6 . 0 8 8 
P r o b a b i l i t y t h a t 
d i f f e r e n c e i n 
two s e t s of d a t a 
i s due t o chance 
c a u s e s when DF*3 
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D i s c u s s i o n of R e s u l t s 
I t i s b e l i e v e d t h a t t h e r e s u l t s o f t h i s s t u d y a r e s a t i s f a c t o r y . 
The p r o b a b i l i t y t h a t t h e d i f f e r e n c e i n t h e two s e t s o f d a t a i s d u e t o 
chance c a u s e s i s 0 . 1 1 . T h i s v a l u e i s w e l l o u t s i d e of t h e u s u a l s t a t i s ­
t i c a l l i m i t a t i o n o f 0.0f>. P e r h a p s t h e n a t u r e o f t h i s example i s such 
t h a t f ewer t h a n t h e u s u a l number of o b s e r v a t i o n s y i e l d s s a t i s f a c t o r y r e ­
s u l t s . The l i t e r a t u r e abounds w i t h w a r n i n g s a b o u t l e s s t h a n s e v e r a l 
t h o u s a n d o b s e r v a t i o n s , a n d many w r i t e r s t h i n k t h a t one t h o u s a n d o b s e r v a ­
t i o n s a r e t h e minimum. 
D i s c u s s i o n of t h e O p e r a t i o n of t h e Dev ice 
I n g e n e r a l , t h e a u t o m a t i c r a t i o - d e l a y d e v i c e f u n c t i o n e d p r o p e r l y . 
Some d i f f i c u l t y w a s n o t i c e d n e a r t h e end of t h e t e s t when t h e drum c o n ­
t a c t d i d n o t a l w a y s make a n e l e c t r i c a l c o n n e c t i o n . The h i g h r e l a t i v e 
h u m i d i t y i n t h e m i l l , a p p r o x i m a t e l y e i g h t y - f i v e p e r c e n t , and t h e f l y i n g 
l i n t , p r o b a b l y c a u s e d t h i s m a l f u n c t i o n t o o c c u r . The h i g h m o i s t u r e c o n ­
t e n t of t h e a i r c a u s e d r u s t t o fo rm, and t h e l i n t c o n c e n t r a t i o n i n t h e 
a i r t e n d e d t o a c c u m u l a t e on t h e c o n t a c t s . 
A t o t a l o f f o r t y - f i v e f e e t of f i l m was e x p o s e d , and t h e a v e r a g e 
number o f f r ames p e r i m p u l s e was f o u r . The number o f f r a m e s p e r i m p u l s e 
v a r i e d from one t o s i x , on one o c c a s i o n number ing e i g h t . Many t i m e s t h e 
s h u t t e r r e m a i n e d open a f t e r t a k i n g a s e r i e s o f f r a m e s , and t h e r e s u l t i n g 
b l a n k frame was a s i z e a b l e h e l p i n d e t e r m i n i n g t h e b e g i n n i n g and e n d i n g 
o f a s e q u e n c e o f f r a m e s , wnere a b l a n k f rame d i d n o t a p p e a r , t h e f i r s t 
f rame o f a s e q u e n c e was o v e r e x p o s e d s l i g h t l y ; and t h e l a s t frame was 




The p u r p o s e o f t h i s t h e s i s i s t o d e t e r m i n e w h e t h e r a n a u t o m a t i c a l ­
l y t a k e n p h o t o g r a p h i c r a t i o - d e l a y s t u d y w i l l y i e l d r e s u l t s c o m p a r a b l e 
w i t h t h o s e from a c o n c u r r e n t p r o d u c t i o n s t u d y . 
W i t h i n t h e framework o f t h e f o l l o w i n g l i m i t a t i o n s , 
1 . The l e n g t h of t h e s t u d y was t h i r t y - f o u r a n d o n e - h a l f h o u r s ; 
2 . The number of s e q u e n c e s o f f r ames was s i x h u n d r e d and f i f t y ; 
3 . The number of m a c h i n e s o b s e r v e d was t w o ; 
4 . The c h a r a c t e r i s t i c s of t h e s e r a i - a u t o m a t i c mach ines s t u d i e d ; 
t h e c o n c l u s i o n i s p r e s e n t e d t h a t t h e d a t a c o l l e c t e d by t h e a u t o m a t i c 
p h o t o g r a p h i c r a t i o - d e l a y d e v i c e a g r e e s s a t i s f a c t o r i l y w i t h t h e d a t a from 
t h e p r o d u c t i o n s t u d y . T h e r e f o r e , i t i s e v i d e n t t h a t t h e p u r p o s e of t h i 3 
t h e s i s h a s b e e n a f f i r m a t i v e l y f u l f i l l e d . 
I t i s p r o b a b l e t h a t b e t t e r a g r e e m e n t would have b e e n o b t a i n e d w i t h 
a l a r g e r number of o b s e r v a t i o n s . I n p r a c t i c e , t h e c h o i c e would be b e ­
tween a c c e p t i n g t h e d a t a a s t h e y s t a n d , o r c o l l e c t i n g more o b s e r v a t i o n s . 
Some of P i c k e t t ' s c o n c l u s i o n s d rawn-f rom e x p e r i m e n t a l work of a 
s i m i l a r n a t u r e a r e a p p r o p r i a t e f o r i n c l u s i o n h e r e : 
1 . The i n i t i a l c o s t o f t h e e q u i p m e n t f o r a p h o t o g r a p h i c r a t i o -
d e l a y s t u d y i s h i g h . However , t h e u s e of t h i s e q u i p m e n t 
f o r o t h e r p u r p o s e s h e l p s o f f s e t t h e i n i t i a l o u t l a y . 
2 . The camera w i t h t h e t i m e l a p s e d r i v e * would r e q u i r e a 
mount ing t h a t would n o t b e d i s t u r b e d d u r i n g t h e d a y . 
* P I c k e t t f s t e r m f o r a scheme s i m i l a r t o t h e a u t o m a t i c p h o t o g r a p h i c 
r a t i o - d e l a y d e v i c e . 
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3 . The amount of mach ine u t i l i z a t i o n can be e a s i l y d e t e r m i n e d 
i n any c a s e w h e r e m a c h i n e s a r e b e i n g u s e d . 
Ii . A t ime l a p s e d r i v e a c t u a t e d camera r e q u i r e s v e r y l i t t l e 
a t t e n t i o n d u r i n g t h e c o u r s e of a work ing d a y ( 2 2 ) • 
To t h e s e c o n c l u s i o n s , t h e f o l l o w i n g can b e a d d e d ; 
1 . The c o s t of an a u t o m a t i c p h o t o g r a p h i c r a t i o - d e l a y s t u d y i s 
s m a l l , compared w i t h a p r o d u c t i o n s t u d y . F i v e d o l l a r ' s 
w o r t h of f i l m would s u f f i c e f o r an e n t i r e work week , a t t h e 
e x p o s u r e r a t e u s e d f o r t h i s t h e s i s . The e v a l u a t i o n of ttie 
f i l m c o u l d b e a c c o m p l i s h e d i n two h o u r ' s t i m e , and w i t h o u t 
t h e a i d of a d d i t i o n a l e q u i p m e n t . A comparab l e p r o d u c t i o n 
s t u d y made by a t e c h n i c i a n would c o s t i n t h e n e i g h b o r h o o d 
of s i x t y d o l l a r s . Thus a r o u g h r a t i o b e t w e e n c o s t s , a l l o w ­
i n g f o r summar iz ing t h e p r o d u c t i o n s t u d y , would be a b o u t 
s e v e n t o o n e . However , a p r o d u c t i o n s t u d y c o u l d be made on 
more t h a n t h e two m a c h i n e s u s e d f o r t h i s t h e s i s . T h i s a d d i ­
t i o n a l i n f o r m a t i o n would r e d u c e t h e c o s t r a t i o a d v a n t a g e o f 
p h o t o g r a p h i c r a t i o - d e l a y . However , a l l o w i n g f o r t h i s r e d u c ­
t i o n , i t i s p r o b a b l e t h a t t h e p h o t o g r a p h i c r a t i o - d e l a y 
p r o c e d u r e would s t i l l e n j o y a c o n s i d e r a b l e c o s t a d v a n t a g e 
o v e r p r o d u c t i o n stucfc/. 
2 . The a n a l y s t s h o u l d b e f a m i l i a r w i t h b o t h t h e o p e r a t i o n and 
t h e p e r s o n n e l a s s i g n e d t o t h e o p e r a t i o n . F i l m a n a l y s i s f o r 
t h i s t h e s i s would have b e e n much more d i f f i c u l t had t h e 
a n a l y s t n o t been a b l e t o r e c o g n i z e i n d i v i d u a l w o r k e r s and 
t h e i r p a r t i c u l a r a s s i g n m e n t s . 
3 . & s h o r t s e q u e n c e of f r ames i s e a s i e r t o a n a l y z e t h a n i s a 
s i n g l e f r a m e . I f t h e s t a r t i n g h a n d l e s of t h e looms w e r e 
o b s c u r e d , t h e n c o m p a r i s o n b e t w e e n a d j a c e n t f r a m e s r e v e a l e d 
d i f f e r e n c e s i n l o c a t i o n of moving p a r t s , and t h i s d i s c r e p a n c y 
i n d i c a t e d t h a t t h e loom was i n o p e r a t i o n . 
lw Some d i f f i c u l t y was e n c o u n t e r e d i n f i l m a n a l y s i s b e c a u s e of 
t h e w o r k e r s ' d e s i r e t o " g e t i n t o t h e a c t . " S e v e r a l s e q u e n c e s 
w e r e u s e l e s s b e c a u s e a g r o u p of w o r k e r s had g a t h e r e d t o s e e 
w h a t was t a k i n g p l a c e . T h i s i n o r d i n a t e c u r i o s i t y migh t be 
c i r c u m v e n t e d by a c o m p l e t e l y e n c l o s e d mechan i sm. 
5 . The u s e of a wide a n g l e l e n s would have r e s u l t e d i n t h e 
c o l l e c t i o n o f a d d i t i o n a l i n f o r m a t i o n . The b a c k s of t h e looms 
were n o t v i s i b l e , a n d v a l u a b l e i n f o r m a t i o n a s t o t h e t y p e of 
s e r v i c e b e i n g r e n d e r e d by t h e weave r was l o s t . 
6 . The mount ing of t h e camera t r i p o d on a p l a t f o r m two f e e t h i g h e r 
t h a n t h e main f l o o r of t h e m i l l was a d e c i d e d a d v a n t a g e . T h i s 
a d d i t i o n a l h e i g h t e n a b l e d t h e c o m p l e t e w e a v e r ' s a s s i g n m e n t t o 
be v i s i b l e on t h e f i l m s t r i p , e v e n t h o u g h somewhat i n d i s t i n c t a t 




I t i s t h e o p i n i o n o f t h e w r i t e r t h a t t h e r e s u l t s of t h i s t h e s i s 
d e m o n s t r a t e t h e f e a s i b i l i t y o f t h e a u t o m a t i c p h o t o g r a p h i c r a t i o - d e l a y 
t e c h n i q u e f o r c e r t a i n t y p e s of i n d u s t r i a l s t u d i e s . T h i s t e c h n i q u e i s 
s u b j e c t t o c e r t a i n l i m i t a t i o n s , such a s t h e o b s e r v a t i o n of a r e l a t i v e l y 
s m a l l a r e a and t h e l i m i t a t i o n s i n h e r e n t i n any k i n d o f a u t o m a t i c m a c h i n ­
e r y . As a p r i m a r y s o u r c e of i n f o r m a t i o n upon which t o b a s e u n a v o i d a b l e 
d e l a y a l l o w a n c e s , t h i s t e c h n i q u e i s b e l i e v e d t o b e e q u a l t o p r o d u c t i o n 
s t u d i e s i n t h e a n a l y t i c a l a s p e c t , a n d s u p e r i o r i n t h e economic a s p e c t . 
A t e c h n i q u e of t h i s k i n d p r o v i d e s i n f o r m a t i o n of known a c c u r a c y l i m i t s 
and i s n o t s u b j e c t t o t h e v a r i a t i o n s i n h e r e n t i n human o b s e r v a t i o n s made 
u n d e r r a p i d l y c h a n g i n g c o n d i t i o n s f o r l o n g p e r i o d s . Human judgment i s 
p o s t p o n e d , t o b e done a t t h e l e i s u r e of t h e a n a l y s t , f a r from t h e 
p r e s s u r e s o f t h e p r o d u c t i o n f l o o r . 
I t i s recommended t i i a t f u r t h e r r e s e a r c h b e done a l o n g t h e s e l i n e s : 
1 . The e v a l u a t i o n o f o t h e r s o u r c e s of random i m p u l s e s . A 
G e i g e r C o u n t e r h a s been u s e d i n t h e t e x t i l e i n d u s t r y f o r 
m a n u f a c t u r i n g d e c o r a t i v e y a m s c o n t a i n i n g s l u b s , o r l a r g e 
p l a c e s . The c o u n t e r i s a c t u a t e d b y cosmic r a y s , r andomly 
d i s t r i b u t e d i n n a t u r e . Such a d e v i c e migh t w e l l be u s e d i n 
p l a c e of a p r e d e t e r m i n e d s e q u e n c e of random n u m b e r s . A l s o , 
a t a p e o r d i s c r e c o r d i n g sys t em m i g h t be a d v a n t a g e o u s , 
p a r t i c u l a r l y i f i t c o n t a i n e d a v a r i a b l e s p e e d d r i v e . 
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2 . The u s e o f o t h e r t y p e s o f c a m e r a s . A s o l e n o i d o p e r a t e d 
r e l e a s e f o r C ine Eastman S p e c i a l would p r o v i d e a f l e x i b l e 
means f o r making p h o t o g r a p h i c r a t i o - d e l a y s t u d i e s . The 
w r i t e r expended c o n s i d e r a b l e t i m e a t t e m p t i n g t o p e r f e c t 
s u c h a d e v i c e , b u t met w i t h no s u c c e s s . However , a d i f f e r e n t 
a p p r o a c h t o t h e p r o b l e m m i g h t e a s i l y y i e l d t h e d e s i r e d r e ­
s u l t s . 
3 . The deve lopmen t o f a d e v i c e t o c o n n e c t w i t h s t o p m o t i o n 
c i r c u i t s o f s e m i - a u t o m a t i c m a c h i n e s . Such a d e v i c e would 
be i d e a l f o r an o p e r a t i o n such a s - that s t u d i e d i n t h i s 
t h e s i s . O p e r a t e d a s a memomotion t e c h n i q u e , i t s h o u l d 
p e r f o r m t h e f u n c t i o n of a t i m e s t u d y o b s e r v e r . 
l i . An i n v e s t i g a t i o n i n t o t h e t h e o r e t i c a l and p r a c t i c a l c o n ­
s i d e r a t i o n s i n v o l v e d i n sample s i z e r e q u i r e d f o r a u t o m a t i c 
p h o t o g r a p h i c r a t i o - d e l a y s t u d i e s . 
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CHAPTER V I I I 
APPENDIX 
DESCRIPTION OF EQUIPMENT 
G e n e r a l 
The a p p a r a t u s c o n s i s t s of t h r e e major c o m p o n e n t s : a s o u r c e o f 
random i m p u l s e s , a t i m i n g c i r c u i t , and a movie camera . These components 
a r e c o n n e c t e d a s shown i n F i g u r e 3 . The s o u r c e of random i m p u l s e s p r o ­
v i d e s an e l e c t r i c a l c o n t a c t t h a t when c l o s e d s e t s t h e t i m e d e l a y c i r c u i t 
i n o p e r a t i o n . The t i m e d e l a y c i r c u i t c l o s e s a r e l a y which s t a r t s t h e 
c a m e r a . Upon t h e e l a p s e o f a p r e d e t e r m i n e d t i m e i n t e r v a l , t h e r e l a y 
b r e a k s t h e c i r c u i t , a n d t h e camera s t o p s . 
The Random G e n e r a t o r 
The random g e n e r a t o r , shown i n F i g u r e h, c o n s i s t s of a s i x i n c h 
drum, n i n e i n c h e s l o n g , d r i v e n by a s y n c h r o n o u s e l e c t r i c motor t h r o u g h a 
g e a r t r a i n . The drum i s wound w i t h l a m i n a t i o n s of f l a t s t e e l s t r a p p i n g 
on a o n e - h a l f i n c h p i t c h such t h a t a t o o t h i s formed by t h e s i x t h i c k n e s s e s 
of s t e e l . An aluminum s l i d e i s i n c o n t a c t w i t h t h e t o o t h on b o t h s i d e s , 
and g u i d e r o d s s e r v e t o k e e p t h e s l i d e i n t h e p r o p e r p o s i t i o n r e l a t i v e t o 
t h e d rum. A l u c i t e i n s u l a t o r , mounted on t h e s l i d e , h o l d s a b r u s h t y p e 
c o n t a c t ; and one l e a d goes from t h i s c o n t a c t t o t h e t i m e d e l a y c i r c u i t . 
The o t h e r l e a d , a g round from t h e c h a s s i s o f t h e t i m i n g c i r c u i t , i s 
c o n n e c t e d t o t h e main b e a r i n g of t h e drum. 
To NOV GOrKj 
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F i g u r e It 
T h i s p i c t u r e shows t h e random g e n e r a t o r and t h e i n d e x l e t t e r s t o 
t h e v a r i o u s c o m p o n e n t s . (A) i s t h e m o t o r which d r i v e s t h e drum. T h i s i s 
a s y n c h r o n o u s , 110 v o l t , 60 c y c l e , 3 w a t t moto r s i m i l a r t o t h e t y p e u s e d 
f o r l a r g e e l e c t r i c c l o c k s . (B) i s t h e g e a r box and c o u p l i n g . The g e a r 
box c o n s i s t s of a c l o c k d r i v e , w i t h a l l a u x i l i a r y g e a r s removed , and t h e 
m i n u t e hand d r i v e s h a f t s l o t t e d i n t o t h e main s h a f t which d r i v e s t h e d rum. 
T h i s main s h a f t i s s u p p o r t e d by two b a l l b e a r i n g s t o r e d u c e f r i c t i o n and 
moun t s a g e a r w h i c h meshes w i t h a g e a r mounted on t h e drum s h a f t . (C) i s 
t h e 2 : 1 g e a r r a t i o c o n n e c t i n g t h e drum w i t h t h e main s h a f t . T h i s s e t o f 
g e a r s c a u s e s t h e drum t o r o t a t e two r e v o l u t i o n s p e r h o u r . (D) i s t h e 
d rum, p r e v i o u s l y d e s c r i b e d . Made from a t i n c a n , w i t h plywood e n d s , i t i s 
s u p p o r t e d by b a l l b e a r i n g s . (E) i s a b a l a n c e r i n g w i t h l e a d w e i g h t s p l a c e d 
so t h a t t h e y b a l a n c e t h e drum, a l l o w i n g i t t o r o t a t e f r e e l y . (F) i s t h e 
t o o t h , p r e v i o u s l y d e s c r i b e d a s c o n s i s t i n g of s i x l a m i n a t i o n s of 
• lOOx.0125 s t e e l s t r a p p i n g . T h i s t o o t h i s c o n t i n u o u s and e i g h t e e n t u r n s 
i n l e n g t h . I t a l s o p r o v i d e s a mount f o r t h e t r i p p i n s . (G) i s a t r i p p i n , 
of w h i c h t h e r e a r e 102 mounted a t random i n t e r v a l s a l o n g t h e t o o t h . The 
p l a c e m e n t of t h e s e p i n s was d e t e r m i n e d by a t a b l e o f random n u m b e r s ( 2 3 ) . 
(H) i s t h e s l i d e w h i c h r i d e s on t h e t o o t h . The c o n t a c t s w i t c h i s mounted 
on t h e s l i d e i n s u c h a way t h a t a t r i p p i n makes c o n t a c t and t h e c o n t a c t 
s l i d e s o v e r and s p r i n g s f r e e when t h e drum h a s r o t a t e d p a s t . ( I ) i s t h e 
g u i d e r o d w h i c h p i e r c e s -the s l i d e and s e r v e s t o keep t h e s l i d e p r o p e r l y 
p o s i t i o n e d a t a l l t i m e s . The l o w e r g u i d e r o d s e r v e s t o loeep t h e s l i d e 
from r o t a t i n g a b o u t t h e u p p e r g u i d e r o d . ( J ) i s t h e c o n t a c t s p r i n g mounted 
on a l u c i t e i n s u l a t o r . (K) i s t h e t i m e d e l a y c i r c u i t , d e s c r i b e d b e l o w . 
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(L) a r e t h e c o n t r o l s f o r t h e t i m e d e l a y c i r c u i t . (M) i s t h e o u t l e t f o r 
t h e camera c i r c u i t and a l s o a n o u t l e t f o r 110 v o l t s f o r t h e camera s u p p l y 
t r a n s f o r m e r . 
The Time De lay C i r c u i t 
The t i m e d e l a y u n i t i s p i c t u r e d i n F i g u r e 3 and a c i r c u i t d i a g r a m 
a p p e a r s i n F i g u r e 5 . I t c o n s i s t s of a power s u p p l y t r a n s f o r m e r , a c o n ­
t r o l s e c t i o n , and a s w i t c h c o n t r o l s e c t i o n . 
The power s u p p l y t r a n s f o r m e r p r o v i d e s 6 . 3 v o l t s f o r t h e i n d i r e c t l y 
h e a t e d c a t h o d e and 1^0 v o l t s f o r t h e p l a t e . A s e l i n u m r e c t i f i e r and 
and c o n d e n s e r - r e s i s t o r c o m b i n a t i o n s u p p l y t h e 13>0 v o l t d i r e c t c u r r e n t 
r e q u i r e d by t h e p l a t e . I n t h e p l a t e c i r c u i t , t h e r e l a y i s c o n n e c t e d i n 
s e r i e s so t h a t a c u r r e n t o f k m i l l a m p e r e s w i l l t r i p t h e r e l a y . 
The t i m e c o n t r o l c o n s i s t s of f o u r f i x e d r e s i s t o r s and one v a r i a b l e 
r e s i s t o r , e n a b l i n g t h e c i r c u i t t o p r o v i d e i n t e r v a l s from 0 . 8 s e c o n d s t o 
3 . 7 s e c o n d s i n s t e p l e s s f a s h i o n . A s e v e n and o n e - h a l f v o l t b a t t e r y 
s u p p l i e s t h e n e g a t i v e b i a s n e e d e d t o c u t o f f t h e t u b e , a n d t h i s b a t t e r y 
i s i n s e r i e s w i t h t h e r e s i s t o r s . 
The s w i t c h s e c t i o n i s composed of a s e v e n and o n e - h a l f v o l t 
b a t t e r y u s e d t o c h a r g e t h e two l a r g e c a p a c i t y c o n d e n s e r s and a r e s i s t o r 
t o r e d u c e t h e c u r r e n t i n t h i s b r a n c h . 
I n o p e r a t i o n , t h e minus s e v e n and o n e - h a l f v o l t b i a s i s s u f f i c i e n t 
t o keep t h e p l a t e c u r r e n t a t a b o u t one m i l l a r a p e r e . When t h e c o n t a c t 
s w i t c h i s c l o s e d , t h e p l a t e c u r r e n t i m m e d i a t e l y r i s e s t o a r o u n d e i g h t 
m i l l a m p e r e s b e c a u s e of t h e sudden change i n b i a s ; and t h e c o n d e n s e r s 
b e g i n t o c h a r g e . As t h e c h a r g e on t h e c o n d e n s e r s i n c r e a s e s , t h e b i a s 
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l e v e l . T h i s c o n d i t i o n i s accompan ied by a r e d u c t i o n i n p l a t e c u r r e n t ; 
and when a b o u t t h r e e n d l l a m p e r e s a r e r e a c h e d , t h e r e l a y o p e n s . The b i a s 
f u r t h e r r e d u c e s t o minus f i f t e e n v o l t s when t h e c o n t a c t s w i t c h I s o p e n e d . 
A f t e r a b o u t t e n s e c o n d s h a v e e l a p s e d , t h e b i a s r e t u r n s g r a d u a l l y t o t h e 
minus s e v e n and o n e - h a l f v o l t s wh ich i s n o r m a l f o r t h e open s w i t c h c o n ­
d i t i o n . T h i s t e n second i n t e r v a l i s t h e " r e c o v e r y t i m e " o f t h e c i r c u i t . 
No te t h a t t h e o p e n i n g of t h e drum s w i t c h h a s no e f f e c t on t h e 
c i r c u i t e x c e p t when t h e r e l a y I s c l o s e d . T h i s n e v e r o c c u r s d u r i n g n o r m a l 
o p e r a t i o n , f o r t h e t r i p p i n s a r e l o n g enough t o m a i n t a i n c o n t a c t f o r a b o u t 
one m i n u t e . 
The Camera 
The camera u s e d f o r t h i s s t u d y was a s i x t e e n m i l l i m e t e r GSAP (gun 
s i g h t a i m i n g p o i n t ) t y p e . T h i s camera was d e s i g n e d f o r a i r c r a f t u s a g e 
a n d , c o n s e q u e n t l y , i s n o t t h e mos t s u i t a b l e f o r i n d u s t r i a l p u r p o s e s . The 
camera was o r i g i n a l l y e q u i p p e d w i t h a f 3 . 5 l e n s a n d no a d j u s t m e n t f o r 
f o c u s . T h i s l e n s was removed and r e p l a c e d w i t h a f 1 .5 l e n s w i t h a d j u s t ­
a b l e f o c u s . 
O r i g i n a l p l a n s c a l l e d f o r t h e u s e of a C i n e Eastman S p e c i a l I I , 
b u t t h e c o n t r o l of t h e camera p r e s e n t e d p r o b l e m s t h a t c o u l d n o t b e o v e r ­
come i n t h e l i m i t e d t i m e a v a i l a b l e . The d e v e l o p m e n t of a c o n t r o l d e v i c e 
f o r i h e C ine S p e c i a l m i g h t w e l l b e t h e s u b j e c t f o r f u r t h e r i n v e s t i g a t i o n , 
f o r t h e f l e x i b i l i t y of t h i s camera makes i t i d e a f o r i n d u s t r i a l u s e . 
The GSAP camera r e q u i r e s a s o u r c e o f - t w e n t y - f o u r v o l t s , and t h i s 
n e e d was met by u s i n g a t r a n s f o r m e r w i t h one h u n d r e d t e n v o l t p r i m a r y and 
t w e n t y - f o u r v o l t s e c o n d a r y w i n d i n g s . As shown i n F i g u r e 3 , t h e r andom 
g e n e r a t o r h a s two s o c k e t s f o r t h e camera o u t l e t , one f o r t h e one h u n d r e d 
37 
t e n v o l t s n e e d e d b y t h e t r a n s f o r m e r and t h e o t h e r f o r t h e c o n n e c t i o n t o 
t h e r e l a y i n t h e t i m i n g c i r c u i t . I n o p e r a t i o n , t h e c l o s i n g of t h e s l i d e 
s w i t c h , upon c o n t a c t w i t h a t r i p p i n , s e t s t h e t i m e d e l a y c i r c u i t i n 
o p e r a t i o n , t r i p p i n g t h e r e l a y which c l o s e s t h e t w e n t y - f o u r v o l t s e c o n d a r y 
c i r c u i t c o n n e c t e d t o t h e camera . The camera i s s e t i n m o t i o n ; and a f t e r 
a p r e d e t e r m i n e d t i m e i n t e r v a l i s p a s t , t h e r e l a y opens t h e s e c o n d a r y 
c i r c u i t and t h e camera s t o p s . 
